The present study was conducted to determine the performance of summer and winter-sown camelina lines in 2013-2014 and 2014-2015 growing seasons. In experiments, 11 camelina genotypes (Vinimik 17, PI304269, CR 476/65, 28372) were used as the plant materials. Plant height, number of pod per plant, number of seeds per pod, thousand-seed weight, seed yield, oil ratio and oil yield values were measured. The differences in investigated traits of the genotypes were found to be significant (p<0.05). Winter sowings had better performance than summer sowings for yield and yield components. Winter-sown camelina plants were harvested at the end of May or at the beginning of June, which means that it is a good pre-plant for camelina. Average seed yields varied between 2.127 -4.943 ton ha -1 in winter sowings and between 0.582 -4.609 ton ha -1 in summer sowings; oil ratios varied respectively between 32.1 -33.4% and between 24.3 -35.1%. It was concluded based on findings that camelina should be produced as winter-sown with Ames-26686 genotype. Furthermore, Ames-26680, Ames-26686 and Ames 28372 genotypes could also be grown as summer-sown with quite reliable performance levels in years with sufficient spring precipitations.
INTRODUCTION
Together with ever-increasing world population, food and energy demands are also increasing. Vegetable oils have a significant place in human nutrition, and they are also used in the energy industry. Fossil fuels are the primary source of energy industry, but there is an everincreasing interest in biofuels because of decreasing quantities of fossil fuels and environmental impacts of these fuels. Oilseeds are the primary raw material of biofuels. Therefore, production of oilseeds should be increased, and new oilseeds should be incorporated into cropping patterns (RTMCT, 2014; Ogut et al., 2014) .
Studies on camelina accelerated in Turkey with the trails of USA Air Forces and Japan Airways for the potential use of camelina oil as a biofuel in planes (Onder, 2013) . Camelina seeds are quite rich in polyunsaturated fatty acids, and they can be utilized as a different oil crop (Kurt and Seyis, 2008) . Camelina biodiesel complies with TS EN 14214 standard (Ogut et al., 2013) . Cetane number is 42.8, oxidation stability is 1.3 hours at 110°C, and iodine number is 152 (Ciubota-Rosie et al., 2013) .
Camelina plants are resistant to cold weather and drought to a certain extent. They can be sown in winter and summer. They can also be considered to be used over the fallow lands (Yilmaz et al., 2014) . As it was in various other plants, yield, yield components and biodiesel performance of camelina are also directly influenced by the region, cultivar, sowing time, norm and rate, fertilization and other cultural practices. For successful cultivation, effects of all these factors on camelina should be assessed with detailed researches (Urbaniak et al., 2007; Kumari et al., 2012; Schillinger et al., 2012; Arslan et al., 2014) . Although camelina is primarily a summersown crop, it has some winter-resistant genotypes (Crowley and Fröhlich, 1998) . Higher yields and oil ratios are obtained from winter-sown genotypes than summer-sown ones (Katar et al., 2012) .
In a study carried out with 18 camelina cultivars under Montana conditions, average plant height of the cultivars was reported as 95.3 cm, crop yield was reported as 2.59 ton ha -1 , oil ratio was reported as 32.6% and oil yield as 0.844 ton ha -1 (Guy et al., 2014) . The researcher obtained the highest seed yield (2.944 ton ha -1 ) and oil yield (0.961 ton ha -1 ) from SO cultivar (Mason, 2010) . In another study, Toncea et al. (2013) investigated chemical characteristics of summer and winter-sown camelina cultivars at different locations under Romanian conditions between the years 2009-2013. In this study, oil ratios varied as between 29.3-46.3% for winter-sown cultivars and as between 33.4-49.6% summer-sown cultivars. To be considered the cultivars, oil ratios ranged as between 31.1-45.8% for Camelia, as between 31.9-44.8% for Celena and as between 30.7-43.6% for Lindo. As a result of research conducted by Yildirim and Onder (2016) , the highest seed yield 1.979 ton ha -1 was obtained from 75 kg ha -1 dose of nitrogen and phosphorus, the highest oil ratio 29.33% was obtained from 150 kg ha -1 dose of nitrogen and 100 kg ha -1 dose of phosphorus.
This study was conducted to determine adaptation of different camelina genotypes to assess the response of winter and summer-sown to Tokat/Turkey ecological conditions. The aim of this study, superior camelina genotypes about yield and yield components were determined. Climate data for experimental years are provided in Table 1 . Long-term data indicate the highest total monthly precipitation for May. However, the highest monthly rainfall was observed in June of the first year and November and March of the second year. July is the hottest month both in long-term averages and in experimental years. The coldest month for long-term averages and in the second year of experiments was January, but it was December in the first year. Precipitation and temperature are the most significant climate parameters with substantial effects on experimental results. In the first year (2013-2014 vegetation period) rainfalls were lower, and temperatures were higher than the second year (2014) (2015) . The second year was more precipitated and colder than the first year (Table 1) . Experimental soils were loamy in texture, loamy and slightly alkaline in structure (Table 2) . Soils were deficient in organic matter, sufficient in available phosphorus and potassium (Karaman and Brohi, 2004) . . Seeds were sown manually over five rows 20 cm apart from each other. Plots were 5 m long and 1 m wide. About 1.5 m spacing was provided between the plots. As the fertilizer, 80 kg ha -1 pure nitrogen (Ammonium and Ammonium nitrate) and 30 kg ha -1 sulfur were applied to experimental plots. All of the phosphorus (P2O5) and potassium (K2O) (both as 40 kg ha -1 pure) were used with sowing. Half of the nitrogen was applied at planting; the other half was implemented in the first week of March in winter sowings and in the last week of April in summer sowings. Experiments were not irrigated, and they were rainfed treatments. Manual weed control was practiced, and herbicide was not used for weed control. Insecticides were not used also since there were not any insect damages on plants. Harvest in winter sowings was performed on May 17, 2014 in the first year and 11.06.2015 in the second year; harvest in summer sowings was performed on July 3, 2014 in the first year and on June 29, 2015 in the second year. Plants were harvested manually and threshed with a thresher. Samples were taken from the threshed seeds, and oil ratios were determined with a soxhlet device. Experimental data were subjected to variance analysis with M-STATC software in accordance with randomized blocks experimental design. Means were compared with Duncan's multiple range test (Wang et al., 2013) . Since the variations were not homogenous, years and periods were separately assessed in themselves.
MATERIALS AND METHODS

RESULTS AND DISCUSSION
Differences in plant heights except for 2014-summer were found to be significant. Winter-2014 plant heights varied between 72.2 -86.7 cm and winter-2015 plant heights varied between 102.9-124.4 cm. Summer-2014 plant heights varied between 30.1 -36.6 cm and summer-2015 plant heights varied between 76.1 -91.9 cm. Winter plant height averages (2014: 78.5 cm; 2015: 116.4 cm) were higher than summer plant height averages (2014: 34.7 cm; 2015: 82.7 cm) and 2015 plant heights were higher than 2014 plant heights. Higher precipitations throughout the vegetation period of the second year (2015) ( Table 1) (Table 3) . Winters seedlings in plants were found to encourage more capsule formation in plants than in summer seedlings in plants (Urbaniak et al., 2007) . The length of side branches of winter sowing increased the number of flowers. This increase in the number of flowers affected the number of capsules and seeds positively.
Significant differences were observed in seed number per pod of the genotypes. The number of seeds per pod varied between 6.1-15.9, and the most significant values were obtained from CR 476/65 line. The differences in thousand-seed weights of the genotypes were also found to be significant (Table 4 ). About thousand-seed weight, based on years and sowing periods, CR 1674/90 line was placed in the first group (Table 4) .
It is effective to store more photosynthesis products by evaluating the environmental factors and the growth of the plants in a thousand seed weights. In this study, plants planted in winter showed a better development than those planted in summer regarding all their components. As a result, the seeds in the plants have become bigger. Seed yields of the genotypes in 2014 winter sowings varied between 1.364 -2.546 ton ha -1 with an average value of 2.127 ton ha -1 and seed yields of the summer sowings varied between 0.344 -0.798 ton ha -1 with an average value of 0.582 ton ha -1 (Table 5 ). In the second year of the experiments (2015), seed yields of winter sowings varied between 4.417-5.477 ton ha -1 with an average value of 4.943 ton ha -1 and seed yields of summer sowings varied between 3.947 -5.095 ton ha -1 with an average value of 4.609 ton ha -1 (Table 5 ). Considering the sowing periods, it was observed that winter sowings had better performance than the summer sowings (Katar et al., 2012) . However, in case of sufficient precipitation and temperature in spring (as it was in 2015 of the experiments), summer sowings may have a close performance to winter sowings. Considering the seed yields of the genotypes, the most significant values were obtained from Ames-26680 genotypes in winter-2014 , from Ames-26686 in summer-2014 , from Vinimik-17 in winter-2015 and Ames-28372 in summer-2015 Genotypes had different responses based on environmental conditions (Guy et al., 2014) . As the average of two years, Ames-26680 (with an average seed yield of 3.849 ton ha -1 ) had higher yield in winter sowings and Ames-26686 (with an average seed yield of 2.783 ton ha -1 ) had higher yield in summer sowings than the other genotypes.
Oil ratio of Ames-26686 genotype in different years and sowing periods were respectively observed as 37.9, 31.3, 35.5 and 36.3% and these values were higher than the values of other genotypes (Table 5 ). However, when the conditions got better (as it was in summer-2015), Vinimik-17 (37.3%), PI-304269 (37.1%) and Ames-28372 (37.2%) genotypes had also high oil ratios (Table 6 ). Oil yields of the genotypes varied in a quite broad range (0.081 -1.895 ton ha -1 ). Considering the years and sowing periods together, it was observed that Ames-26686 had the greatest and the most stable oil yield. This genotype which was placed in the first group for oil yield also had the first ranks in seed yield. About oil yield per hectare, Ames-26686 had better performance in the first year and Ames-28372 in the second year. The genotype Ames-26686 with superior characteristics for seed yield and oil ratio also had the most excellent oil yield. Because of the temperature stress observed during the flowering period in summer sowing, oil physiology has been affected negatively in this situation.
CONCLUSION AND RECOMMENDATIONS
Present findings, obtained from summer and winter sowings for two years under Tokat ecological conditions, revealed that winter sowings had better performance than summer sowings and there were not any severe cold damages even at minimum winter temperatures of -6, -7, -11 and -12°C. Because of insufficient precipitations and higher maximum and average temperatures in spring of 2014, quite low yield levels were observed in summer sowings. Dryer conditions in spring created heat stress on plants and resulted in shorter plants with less number of pods and consequently fewer yield. On the other hand, sufficient precipitations and moderate temperatures in 2015 increased the yield levels both in summer and winter sowings and also reduced the difference in seed yields of winter and summer sowings. It was also observed in this study that camelina left the field early; thus it was concluded that camelina could be a well-precursor crop in cropping patterns. Harvest was performed on 17 th of May in the first year with insufficient precipitation and heat stress and on 11 th of June in the second year.
It was concluded based on present findings that camelina could be produced as winter-sown under Tokat ecological conditions, but it can also be grown as summersown in years with sufficient spring precipitations. Among the investigated lines, Ames-26680, Ames-26686 and Ames 28372 with better performance for seed yield and oil ratio than the other genotypes.
